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Introduct i on 
S o i l  i s  a h e t erogenou s  mixture o f  humu s and mine r a l s  c ontaining 
both immob i l i z ed enzyme s and occ luded m i crob i a l  c e l l s .  Each o f  the 
o rgan i c  and m i ne r a l  f ract ions in s o i l  h as a s p ec i a l  i nf l u ence on enzyme 
ac t iv i ty ( MCLAREN , 1 9 7 5 ) . S o i l  enzyme ac t ivi ty r es u l t s f rom 
accumu l a t ed e nzymes and f rom the enzyma t i c  a c t i v i t y  o f  p ro l i f erat ing 
microorgan i sms (LADD , 1 9 7 8 ) . Mi c rob i a l  p op u l a t ions h ave d eve l oped t o  
t h e  p o in t  t ha t  s h o r t  r es idual t imes h ave o ccured f o r  an a p p l i ed 
pes t i c id e . The t arge t  p e s t  i s  not c ont ro l l ed and t he s e  s o i l s  a re 
referred t o  a s  t•prob l em" s o i l s .  
The o bjec t ive o f  t h i s  s tu dy was t o  a s c er t a in t h e  rel a t i o nship  
be tween s o i l  enzyme a c t iv i ty and p e s t i c i d e  p e r s i s t enc e i n  s o i l s w i th a 
par t i c u l ar p es t i c i de u s e  h i s tory .  One experiment i nvo lved a s o i l  i n  
wh i ch c arbofuran f a i l ed t o  c ontro l insect  infes tat i on , apparent ly d ue 
t o  rap i d  d egradat i on.  Th i s  s o i l , the " Cent ervfl l e "  s o i l , w a s  t reat ed 
w i th s everal  o rganopho s phate and c arbamat e p e s t i c i d e s . The o ther 
exper iment i nvo lved a s o i l  f rom a r eg i on i n  I l l ino i s  w i th w i d e s pread 
i s o f enfo s  f ai l u r e  (GAUGER e t  a l . , 1 98 6) . The " I l l ino i s "  s o i l  w i th 
s evera l  p es t i c i d e  u s e h i s to r i e s  was t reat ed w i th i s o f enfo s .  P e s t i c i de 
res idue analys e s  and d et ermina t ions of enzyme a c t iv i t i e s  w e r e  t hen 
performed on t he s o i l s  d ur ing the c ou r s e  of d egrad a t i on. Rap i d  
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p es t i c i d e  d eg rada t i o n  a nd c o rre la t i ng h igh e nzyme a c t iv i ty d i d occur i n  
t h i s  s tudy . The r e  w a s  a l s o  evidenc e  t hat t he p ro c e s s  t ha t  p r oduce� a 
" p ro b l em" s o i l  i s  r evers i b l e . 
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L i t erature R ev i ew 
Maj o r  e nv i ro nment a l  p rdb l ems , d u e  t o  p e s t i ci d e  a p p l i cat i o n ,  
have o ccured;  t herefore , i nf o rmat i o n  mus t  b e  s ought o n  t he a ccumu lat i o n  
and f at e  o f  t he s e  chem i ca l s . There i s  a n e ed f o r  e f f e ct ive p e s t i cides 
whi ch are no t p er s i s t e nt i n  the e nv i ro nment . The p er s i s t e nt 
o rgano ch l o r i ne i ns e ct i ci d e s  h ave b e en r ep l aced i n  r e ce nt y ears  b y  t he 
o rg ano pho s phorus ( OP ) i ns e ct i cides . They may b e  m o d e r at e ly p e rs i s tent 
i n  s o i l  ( HARRIS , 1 97 2 )  a nd t here i s  r e cent evi �ence t ha t  r e s idues  o f  
s ome O P  i ns e ct i ci d e s  a re a ccumu l at i ng i n  s o i l s  ( MILES e t  a l . ,  1 9 7 9 ) .  
-
Pes t i ci d e  p er s i s t e nce i s  d et e rm i ned by the i nt eract i o ns o f  chem i cal , 
phys i ca l , a nd e nv i r o nment a l  f actors ( MILES e t  a l . ,  1 97 9) . The se 
fact o r s  have v ar i ab l e s  wh i ch i ncl ud e amount a nd f requ e ncy o f  
_app l i cat i o n ,  p H ,  wat e r  co nt e nt o f  t he s o i l , a nd p re s e nce o f  o t her 
pes t i ci d e s , whether a p p l i ed s imu l taneou s ly _ o r  s e qu e nt i a l ly .  
Chem i ca l  hyd ro lys i s  h as b een s hown t o  b e  t he p r i mary r o u t e  for  
d eg rad at i o n  .o f  s ome OP  i ns e ct i cides  ( MILES et  a l . ,  19 79) . Two p o s s ib l e  
caus e s  o f  r ap i d  carbo furan d egrad a t i o n  a r e  a lkal i ne s o i l  p H  ( CARO e t  
a l . ,  1 9 7 3 ) a nd h igh s o i l  mo i s ture ( CARO e t  a l . ,  1 97 3 ; G ORDER e t  a l . , 
1 98 2 ) .  The m e chani sm o f  p recip i t at i o n- r e l a t e d  carbofuran l o s s es  
probab ly i nvo lved g r eater carbofuran avai lab i l i ty for l each i ng and 
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degradat i on ( GORDER et a l . ,  1 9 �2 ). The p o s s ib i l i ty t h a t  t he rap i d  lo s s  
o f  carbo furan i n  s o me s o i l s  i s  due t o  movement o f  the chemi c a l  rather 
than deg r ad a t i on has a l s o  been cons i dered . Prev ious r es u l t s  s ugges ted 
that leaching through the s o i l  cou ld be ext ens ive ( FELSOT and W ILSON , 
1 9 80 ) , bu t s u rface runo f f , vo lat i l i z at i on ,  and c orn p l ant u p t ake are 
no t caus e s  o f  l arge c arbofuran los ses  f ro m  t reated s o i l  ( CARO et al . ,  
1 9 7 3 , 19 7 6 ) . 
The avai l ab i l i ty o f  the pes t i c ide  f o r  b iodegrad a t i on b y  s o i l  
mic roorgan i sms due t o  ad s orp t ion- desorp t i on charac t er i s t i c s  h as b e en 
s c ru t ini z ed .  KAUFMAN e t  a l . ,  ( 1 9 8 4 )  obs erved that whi l e  c ompar ing 
mi c rob i a l  met abo l i sm of d i phenamid in s everal p a i r s  o f  " p ro b l em" and 
"nonp rob l em" ( an i d ent i c a l  s o i l  typ e  w i th an i dent i c a l  c ro pp ing 
hi s t o ry , bu t w i t ho u t  any known use of any. chemi c a l ) s o i l s , d i fferenc es 
in the ad s o r p t �on- de s o rp t i on c apac i ty of the s e  s o i l s  w e r e  �ound . 
S amp l es o f  mo i s t  d i phenami d h i s tory and nonh i s t o ry s o i l s f rom an 
adjac ent s i te were t reated wi th d i phenam i d  and a l l owed to e qu i l ibrate 
for ap prox i ma t e l y  two hours prior to be ing ex t r ac t ed . A much l arger 
perc en t ag e  o f  the d i phenamid app l ied t o  th� prob lem s o i l  w as r ead i l y 
d e s o rbed comp ared t o  the nonp rob l em s o i l . Thes e res u l t s  i nd i c a t e  that 
the mo re rap i d  degrad a t i on of d i phenami d obs erved in t he p rob l em s o i l  
i s  enhanc ed by a redu c ed ads orpt ion potentia l , whi ch i nc reas e s  t he 
ava i l ab i l t i ty of d iphenamid t o  s o i l mi cro o rgani sms . 
P r e l iminary exp e r i ments by KAUFMAN et  a l . , ( 1 9 8 4 ) w i th two o ther 
s truc tura l ly s i mi l ar p e s t i c ides  ( carbo furan and CDAA ) i nd i cate  t hat 
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the i r  ad s o rp t i on- des o rp t i on charac t eri s t i c s  are s i mi l a r l y  a f f ec t ed in 
d i phenami d prob l em/nonpr ob l em s o i l ,  even though ne i ther s o i l had been 
p revious ly treat ed wi th e i ther compound . C arbofuran and CDAA both 
d egrad ed mo re rap i d ly in the d iphenami d p rob l em s o i l .  
S tud i e s  have been done comp aring mi crob i a l  mec hani s ms and 
chemi c a l  mechani s ms . WALKER and STOJANOVI C , ( 1 9 7 3 ) f ound t ha t  the 
rap i d  d i s s i p a t i on of  ma l a th i on in s o i l is the res u l t  of b o t h  chemi c a l  
and mi c rob i o l og i c a l  mechan i s ms . In the three s o i l s  us ed i n  t he 
inves t i g a t ion mi c r ob i o logi c a l  mechan i s ms predominat ed over c hemi c a l  
mechan i s ms in a l l c a s e s . Chemi c a l  degrad a t i on o f  ma l ath i on a p p eared to 
be due t o  bo t h  alkal ine hydro lys i s  and ad s o r p t i on by the s o i l 
part i c l e s . MILES et  a l . ,  ( 1 9 7 9 )  found that the maj o r  c au s e  o f  
degradat i on o f  fonof o s  was mi c rob i a l  rather than chemi c a l . E i ght O P  
ins ec t ic ides  wer e  tes t �d ;  chemi c�l degrad a t i on w a s  t he majo r  
degrad a t i on rout e f o r  d i az inon , chl orpyr i f o s , and t r i c h l o ronat whi l e  
mi c r ob i a l  degrad a t ion p l ayed the maj o r  ro l e  in t h e  d eg r ad at i on o f  
fono f o s , ethi on ,  ch l o rfenvinphos , p arath i on ,  and f ens u l f o th i on . A l s o 
in th i s  s tudy , i t  was d e t ermi ned that a l l  e ight OP p es t i c i des  were mo re 
pers i s t en t  in s t er i l e s o i l  compared to nons te r i l e  s o i l . None of t he 
e i gh t  ins ec t i ci d e s  had any s igni f i cant l ong - term e f f ec t s  o n  p op u l a t ions 
of bac t e r i a  or fung i . 
The d i s s i pa t i on o f  c er t ain b iodegradab l e  p es t i c i d e s  f rom s o i l  
fo l lows a s i gmo i d a l  p a t t ern ( KAUFMAN and KEARNEY,  1 9 7 6 ) . A l ag p hase 
occurs af ter the ini t i a l  app l i cat ion in whi ch r e l at iv e l y  l i t t l e 
6 
pes t i c ide i s  l o s t . The l ag phas e i s  fo l l owed by a p e r i o d  o f  rap i d  
d i s ap p earanc e o f  t h e  p e s t i c i d e  as a res u l t  o f  mi crob i a l  m e t ab o l i sm . 
So i l  micro o rg an i sm� have been shown t o ·me t abo l i z e  a numbe r . o f  O P  
ins ec t ic i des s uch as ch l o ropyr i fo s , d i az inon , d i ch l o rvo s , d i me thoat e ,  
fono f o s , ma l at h i on , me thy l parath i on ,  and mev inphos ( e . g .  F LASHINSKI 
and LICHTENSTE IN , 1 9 7 4 ; L ICHTENSTEIN and S CHULTZ , 1 96 4 ) . F LASHINSKI and 
LICHTENSTEIN , ( 1 9 7 4 )  demons trated that s o i l  fung i m e t abo l i z ed and 
detox i f i e d  fono fo s . The i r  s tudy u s ed 14 c l ab l ed i ns ec t i c i de ; a c t iv i ty 
was ev idenced by increas ing amount s  o f  wat er - s o lub l e  1 4 c c ompound s in 
the i r  cu l tu r e  med i um and the corres p ond ing d i s ap p earance ( degradat i on ) 
of the ap p l i e d  ins ec t i c ide . 
M i c ro b i a l  degrad a t i on i s  a natural  phenomenon whi ch i s  
des i rab l e  s o  that res i dues  are eventu a l ly removed f rom the  e nv i ronment . 
Repeated ap p l i ca t i on o � the s ame �hem i c a l  t o  the s ame s i t e,  under 
c e r t a in c ond i t i ons , has c au s ed mi crob i a l  p opu l a t i ons to d ev e l o p  to the 
po int tha t  s u c ceed ing app l ic a t i ons have p rogres s iv e l y  s ho r t e r  r e s idual 
t imes in so i l . The " prob l em" exi s t s  bec aus e there i s  i ns u f f i c i ent 
res i d u a l  ma t er i a l  for c ont ro l o f  the t arget p e s t d ur ing a c er t a in 
growth p e r i o d  o f  s ai d  p es t .  
Car�ofuran ap p l i c a t i on has , in s ome ins t anc e s , p roduced 
" p rob l em" s o i l s . FELSOT e t  a l . , ( 1 9 8 2 ) and GORDER e t  a l . , ( 1 9 8 2 ) 
as s e s s ed the p er s is t ence o f  c arbo furan in s everal  s o i l s w i th and 
wi thout  hi s to r i e s  of c arbofuran u s e . The p ar t i c u l ar h i s t o ry s o i l s 
s e l ec t ed for the above inve s t igat ions were noted a s  " prob l em" s o i l s 
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w i th a p o o r  performanc e o f  carpofuran . Enhanc ed mi c ro b i a l  d egrad a t i on 
was the sugges ted resu l t  in the "prob l em" s o i l s . Two o ther s tu d i e s  
were unab l e  t o  def ine re l a t i onsh i p s  between h i s t o ry o f  i n s ec t i c ide  use 
and carb o fu r an pers i s t ence ( AHMAD e t  a l . ,  1 97 9  and GORDER e t  a l . , 
1 980 ) . KAUFMAN and EDWARDS , ( 1 983 ) and KAUFMAN e t  a l . , ( 1 981 ) examined 
1 4  
the degrad a t i on o f  C - carbony l - c arbofuran in numerous  p a i r s  o f  p roblem 
and nonp rob l em ( an i d ent i c a l  s o i l typ e  w i th an i d ent i c a l  c ro p p ing 
h i s tory , bu t w i thout any known use  of  any chemi c a l ) s o i l s .  Degradat ion 
of  carbo furan w i th evo l u t i on of  
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co2 from the c arbony l p os i t ion 
oc cur red far mo re rap i d ly in carbo furan p rob l em s o i l s  t han i n  
nonp rob l em so i l s . Carbo furan degradat ion was inh i b i t ed b y  the .ad d i t ion 
o f  ant ib i o t i c s  to the s o i l  and by s o i l  s t eri l i z a t ion ( auto c l av ing o r  
gamma i r rad i at i o n )  c onf i rming the i mp o r t ance o f  a n  a c t ive m i c rob i a l  
popu l a t i on in �he degrad a t i o n  o f  the s e  ma teri a l s . 
Pes t i c i d e  pers i s tence in s o i l  has been d i rec t ly r e l at ed t o  
b i od egrad a t i on wh i ch may occur due t o  the act ion o f  e nzy me s ys tems 
( KAUFMAN et  a l . ,  1 984 ) . The s e  enzyme sys tems may c re a t e  a c hemi c a l  
env i ronment wh ich i s  conduc ive t o  d egrad a t i on o f  t he p e s t i c i d e , o r  
a l ter the pes t i c i d e  i n t o  a ut i l i z ab l e nut r i ent ( KAUFMAN and E DWARDS , 
1 983 ) . Nu t r i en t  cyc l ing in s o i l s  i nvo lves b io chemi c a l , c hemi c a l , and 
phys i o l og i c a l  r e ac t i ons w i th the b iochemi cal  p roc e s s e s  b e ing med i ated 
by mi croorgani s ms , p l an t  roo t s , and s o i l  ani ma l s  ( KI S S  e t  a l . , 1 97 5 ) .  
Enzymes are p r o t e ins wh i ch cat alyz e b i o chemi c a l  r eac t ions d u e  
to the i r  power o f  s p ec i f i c  ac t ivat i on .  A c at a lys t i s  a c omp o und wh i ch 
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increases  the rate  of  a reac t ion but  does no t b eeome p e rm anent ly 
a l t ered due to the reac t on .  In add i t i on ,  mo s t  enzymes a r e  s pe c i f i c  ( o r  
very s e l ec t i v e ) f o r  the typ e s  o f  chem i c a l  reac t i ons i n  wh i c h  t hey 
p ar t ic ip a t e . Enzyme s p ec i f i c i ty i s  o f ten d i c t a t ed by the n ature o f  the 
groups at t ached to the s u s c ep t i b l e  bonds . The ac t iv i ty o f  an enzyme i s  
the amount o f  reac t i on produc t produced i n  a g i ven t ime . 
P ro l i f erat ing mi croorgani sms and accumu l at ed enzymes p roduce 
so i l  enz yme ac t iv i ty . Accumu lated enzymes are r eg arded as e nz ymes 
p r e s ent and ac t ive in a s o i l  in wh i ch no m i c rob i a l  p ro l i f er a t ion t akes 
p l ace . Enz yme s  accumu l ated in s o i l  are free enzyme s , s uch as 
exoenzyme s r e l eas ed from l iving c e l l s , endo enzymes r e l ea s ed f rom 
d i s integ r a t e d  c e l l s , and enz ymes bound to c e l l c ons t i t u en t s  ( enzymes 
p r e s ent in d i s int egrat ing c e l ls , in c e l l f ragmen t s , and in v i ab l e  b u t 
nonp ro l i ferat i ng ce l l s �-
Sou r c e s  o f  accumu l a t ed enzyme s  are p r imar i ly the m i c ro b i a l  
c e l l s , bu t s o i l  enzyme s c an a l s o  o r i g inat e  f rom p l ant •nd anima l 
_res i dues  ( KISS et  a l . ,  1 9 7 5 ) . TABATABAI and BREMNER , ( 1 97 0 ) f ound that 
ary l s u l fa t as e  ac t iv i ty dec reased marked ly w i th d ep th i n  t he s o i l  
prof i l es examined . Th i s  dec reas e was as s o c i ated w i th a d ec re a s e  i n  
organ i c  ma t t er conten t , and s tud i e s  w i th s u r face s o i l s d i f f er i ng 
marked ly in phys i c a l  and chemical  p roper t i e s  showed t ha t  s o i l  
ary l s u l f a t a s e  ac t iv i ty was s i gn i f i cant ly·c oir e l a t ed w i th s o i l  o rg an i c  
mat t e r  content . DICK , ( 1 9 8 4 ) found a l l  enz yme a c t ivi t i e s  w er e  
s i gni f i c an t l y  h igher in the no- t i l l age s o i l versus  the c onvent i ona l 
9 
t i l l age s o i l . The s e  res u l t s are as s o c iated w i th o rg an i c  mat t er 
concent rat ion . The s ame paper d ea l t  w i th r o t a t i on and i n t eract ion 
effe c t s  on enzyme ac t ivi t i e s . S o i ls whi ch wer e o n  t hree y ear r o t a t ion 
(co rn , oat� , a l fa l fa ) had the h ighe s t  enz yme ac t iv i t i e s , whi l e  s o i l s 
whi ch were on c ont inuous corn had the l owes t a c t iv i t i e s . 
TU , (1 9 8 1 ) has s tu d i ed the effec t o f  p es t ic i d e s  o n  c er t a i n  s o i l  
enzyme ac t iv i t i e s . Enzyme ac t ivi t i e s  in fi e l d  s o i l s d e c reas ed 
t emporar i ly aft e r  the add i t i on of s ome p es t i c i de s . Tu a l s o  found t hat , 
. w i th exc ep t i ons , pes t i ci d e  t rea tments ( mo s t  no t ab l e  fo r o ur s tudy , 
carbofu r an ) reduced phos phat a s e  ac t iv i ty fo r a short  p er i o d  o f  t i me .  
The wo rk by F e l s o t  e t  a l . ,  (1 9 8 2 ) and Gorder  e t  a l . , (1 9 8 2 ) had 
d i re c t  i nfluence on o u r  s tudy , but the l i t erature d oe s  n o t  i nd i c a t e  any 
s tudy wh i ch inc o rporat es bo th enzyme as s ays and p es t i c id e  p er s i s t ence 
with "prob l em" s o i l s . 
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Metho d s  
The "Centerv i l l e "  s o i l  w a s  obt ained f rom the Sou t h  D ako t a  S t ate 
Univers i ty Sou theas t Exp er i ment S t a t i on F ar m .  Thi s  s o i l  h ad a p r i o r  
h i s tory o f  carbofuran us e ,  and cont ro l o f  c o rn r o o two rms w a s  c ons i dered 
uns a t i s fa c t o ry . 
Th i s  exp e r i ment invo lved weighing out  two k g  o f  s o i l  and 
app lying f ive mg of p e s t i c i d e  per kg of s o i l  s amp l e .  The p es t i c ides  
were in g r anu l ar form and had previous ly b e en d i s s o lved in a c e t one . 
S t ruc tures o f  the f ive pes t i c ides : t r i methacarb , i s o f en fo s , f onofo s , 
t erbufo s , and c arbofuran appear in F igure 1. The c ontro l w a s  a t wo kg 
s o i l  s amp l e wi th no pes t i c i d e  add i t i ons . F ive mg/kg s oluble s t arch was 
added to one s amp l e as a carbon and energy s ourc e . E ach s amp l e  w as 
dup l i c a t ed and ro l l e r  mixed a f ter the r e s p e c t ive ad d i t i on . The s amp les  
were then s t or ed in a p l as t i c  cont ainer 30 e m  i n  d i ame t er and e i ght em 
high . One hundred ml o f  wat er was added t o  e ach s amp l e which w ere 
s tored at  room temperature . The s amp l es were c overed at a l l  t imes w i th 
p l as t i c  to a l l ow a i r  d i f f us i on . S o i l mo i s ture was ma int a ined a t  15% 
throughou t  the 12 week s tudy p er i od . 
The " I l l ino i s "  s o i l  c ame from an area i n  nor thwe s t ern I l l ino i s  
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wi th s everal  pes t i c i de treatment h i s t o r i e s . The p e s t i c i d e  u s e  
h i s t o r i e s  were te rbu f o s , i s o f enfo s , and c arbo furan . The c on tro l was a 
nonh i s t o ry so i l .  Corn ro o two rm c on t ro l tn the i s o f enf o s  h i s t o ry s o i l  
had be en u ris a t i f ac t o ry ( GAUGER e t  a l . ,  1 9 8 6 ) . The s o i l  w a s  p rovided by 
Dr . D .  D .  Wa l g enbach , P l an t  S c i enc e Department , S o u t h  D ako t a  S ta t e  
Univers i ty .  
One kg dup l i c a t e  s amp l es were we ighed ou t and p l ac ed int o  quart 
jars . F ive p p m  i s o f enfo s  was added to each s amp l e .  The jar s were 
ro l l ed for three minu t es and then kep t  covered w i t h  p araf i l m t hroughout 
the exp e r i ment to al low air d i ffus i on .  
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Enzyme As s ay Me thod s  
Ac t ivi ty o f  mo s t  s o i l  enzyme s  is  as s ayed in s amp l e s  i n  whi ch 
the pro l i fera t i on of mi c roorgan i s ms is prevented by the a dd i t ion o f  
to l uene o r  the mi r c ro org ani s ms are ki l l ed by a s t er i l i z a t i on p ro c e s s  
s uch as gamma irrad i at i on . Enzyme ac t iv i ty d e t ermined u n d e r  t h e s e  
cond i t i ons i s  pres umed to be d u e  t o  ac cumu l at ed enzyme s . Mo s t  s tud i es 
on enzyme ac t i vi t i e s  in s o i l  have been based on meas u r i ng t he r at e s  o f  
enzyme - c a t a l yz ed reac t i ons i n  so i l  s amp l e s . A l arge numb e r  o f  
enzyme - c a t alyz ed reac t i ons in s o i l s  have been s tud i ed , b u t  o n ly a f ew 
a s s ay me thods have been dev e l op ed s uf f i c i ent ly t o  b e  c ons idered 
s tandard as s ays . Our s tudy inc luded s tandard a s s ay s  for  
phos phomone s t e ra s e  ( ac i d  and a lka l ine ) , phos phod i e s t e ras e , and 
s u l ph a t as e . Enzyme a s s ays perfo rmed inc orporated e nz ym� s ub s t rates 
whi ch were conv e r t ed to p - ni tropheno l .  We a l s o  a t t emp t ed to u s e  an 
as s ay wh i ch incorporates p - ni tropheny l ace t �t e  as an enzyme s ub s t rate . 
One hund red g s o i l  s amp l e s  were t aken a t  week 0 ,  1 ,  2 ,  4 ,  6 ,  8 ,  
10 , and 12 f o r  the "Centerv i l le"  s o i l .  F i f ty g s o i l s amp l e s  were t aken 
at week 0 ,  2 ,  4 ,  6 ,  and 8 f o r  the " I l l ino i s "  s o i l . 
Enzyme as s ay procedures and reagent p repara t i o n  a r e  f ound i n  
Ap p end i x  I .  S pec t ro ph o t ome t r i c  absorp t i on o f  p - ni t ro ph eno l ( 40 0 . 0  nm)  
was me asured u s ing a B au s ch & Lomb Model  2 0 00 s pe c t ropho t o met er . 
14 
Convers ion of a b s o rbance t o  con�ent r a t i on was accomp l i s hed w i th a 
cal ibrat i on c urve p repar ed us ing 1 0, 20 , 3 0, 40 , 5 0 , 6 0 , 70 , 8 0 ,  90, 
and 100 ug/ 5m l of p-n i t ro pheno l .  A p l o t  was der ived o f  a b s orbance vs 
conc ent r at i on i n  nanomo l e s /m l  ( Append ix I� ) . A l l enzyme r eac t i ons were 
performed in a waterbath mainta ined at 37°C . Data w er e  r ep o r t ed a s  
nmo l e s /ml /min/ g s o i l .  
The d a t a  were s ubj ec ted t o  s tat i s t i c a l  e va l ua t i on b y  analys i s  
of  var i ance ( ANOVA ) . I f  the ANOVA y i e lded a s i gn i f ic an t  F -va lue  
( p <O .OS ) ,  a p o s t - ho c  t e s t  ( Tukey ' s ) was  c ondu c t ed f o r c ompar i s on o f  the 
treatment means . The S tat i s t ic a l  Ana lys i s  S y s t em ( SAS ) c ompu te r  
p ackage was u s ed t o  p er f o rm a l l  o f  the s t at i s t i c a l  ana lys i s . 
-
Phos phomono e s tera s es ( Ac id and A lka l ine P ho s phatas es )  c at a lyze 
the f o l l owing r eac t i on : 
The me thod u s ed was  that o f  TABATABAI and B REMNER ( 1 9 6 9 ) , w i th 
the fo l l owing . c ond i t i ons . 
The i ncubat i on t ime u s ed was t en m inut e s  f o r  a lka l ine 
pho s phat a s e  except  f o r  t he e ighth week for the " I l l ino i s "  s o i l  and 
weeks e ight , t en and twe lve f or the " C ent ervi l l e "  s o i l  f o r  which a f ive 
minu t e  incubat i on p er i od was  u s ed .  A f ive minute a s s ay w a s  s e l ec ted 
• 
1 5  
for ac i d  pho s ph a t a s e  excep t w e e k  z ero f o r  t he " Cent e rv i l l e" s o i l , for 
which a t en m inu t e  i ncuba t i on was u s ed . Incuba t i on t imes w er e  
decreased b ec au s e  o f  enzyme a c t iv i ty increas e s .  
Phos phod i e s t erases  c a talyze  the f o l lowing r eac t i on :  
0 0 
II II 
HO- P- OR + H 0 ---- > R OH + H O - P - OR 
2 2 1 I 2 
OR
1 
O H  
The method u s ed w as d eve l oped b y  BROWMAN a n d  TABATABAI ( 1 9 7 8 ) . 
The c ond i t i ons were t he s ame a s  i n  the phos phomono e s t e ra s e  a s s ay excep t 
the incubat i on t ime u s ed was 2 5  m inutes  i n  a l l  b u t  t h e  s ixth and e i ghth 
week s amp l ings for the " I l l ino i s "  s o i l ,  when a 2 0  m inu t e  i ncubat ion 
was u s e d . 
Ary l s u l phat a s e s  c ata lyze the f o l l owing r eac t i on :  
R -oso; + H
2
o ----> R-OH + H -oso; 
The method u s ed i s  that o f  TABATABAI and B REMNER ( 1 9 7 0 ) . 
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Res i due Analys i s  M ethods 
The ex t r ac t ion me thod for p es t i c id e s  in s o i l  u s ed a 
. mod i f i c at i on o f  the m ethod deve l oped by GORDER and DAHM ( 19 8 1 ) . F o r  
each s amp l e , 5 0  g o f  mo i s t  s o i l  ( 1 5% mo i s t ure ) was w e i ghed o u t  and 1 0 0  
m l  o _f ethy l  a c e t a t e  added . The m ixture was p l ac ed o n  a s haker f o r  two 
hou r s , f i l tered through Wha tman 1 p aper and washed w i th t hree 2 5  m l  
wash ing s  o f  e thy l a c e t a t e .  The c omb ined f i l t ra t e  w as t hen v acuum 
s tr ipped and t he r e s u l t ing r e s idue b rought t o  a f ina l v o l ume o f  1 0  m l  
w i th e thy l a c e t a t e . The p ercent r ecovery f or e ach p e s t i c i d e s  w as 
d e t e rmined t o  b e :  
c arbo furan 9 3% 
fono fo s  8 3% 
i s o f enfo s  9 1% 
t erbufos 78% 
t r imethacarb 8 9% 
The s e  v a lues  were o b t ained w i th s ix r e p l i c a t e s  f o r  e ach 
pes t i c i de . The r ep l i c a t e s  were s o i l  s amp l e s  whi ch w e r e  s p iked w ith the 
var i ous p es t i c i d e s  and _
then ext rac ted a s  jus t  d es c r i bed . A s t andard o f  
known conc ent r a t i on w as i njec t ed into the c hromat ograph i c  c o lumn and 
1 7  
the re s u l t ing p e ak he ight repres ented 1 00% d e t ec t ion . Each rep l icate  
was  inj ec ted int o the c o l umn , an  averag e  p eak h e i gh t  was m e a s ured , and 
the mean d i f f e renc e o f  rep l i cate t reat s ·was c a l c u l a t ed g iven the  above 
resu l t s . 
Gas  chromat o g raphy ( GC )  w i th a f l ame i on i z a t i on d e t e c t o r  was 
u s ed fo r i s o f en f o s , fono fos , and t erbufo s on a V ar i an 3 70 0  G C . The 
ins t rument was f i t t ed w i th a co lumn 1 8 2  em long by f ou r  mm ID and 
packed wi th 1 0% DC - 2 0 0  on Chromo s o rb W-HP . Carbo furan and t r i methac arb 
. were ana l yzed u s ing a Var i an 3 700 GC f i t t ed w i th a n i t rogen- phos phorus 
detec t o r  ma intained a t  2 5 0° C .  The c o l umn was 1 8 2 e m  l ong b y  2 mm I D  
and packed w i t h  3% OV- 1 7  o n  Chromo s o rb W - HP . 
The inj e c t o r  t emperature was 2 2 0° C ;  the o ven t emp eratures  were 
1 9 0 ° C for carbofu r an and t r imethacarb , 2 00° C for f ono f o s  a nd 
terbufo s , and 2 2 0 °  C f o r  i so f enfo s ;  
H i gh p er fo rmance l iqu id chrmatography ( HPLC ) was a l s o  u s ed t o  
ana lyz e f o r  carbofuran .  The ins trument was a Waters
. 
600 0A p ump w i th a 
Beckman ( mode l  1 5 3 ) d e t ec to r  s e t  a t  a wave l eng th o f  2 80 nm . The 
s o lven t sys t em was a 5 0 : 5 0 mixture o f  acetoni t r i l e  and w a t e r  a t  
1 . 5m l /min on a revers ed - phas e A l l t ech c
1 8  
c o l umn that  was 2 5  e m  l ong by 
4 . 6 mm ID . 
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Res u l t s  and Di s c u s s i on 
" Cent e rv i l le" S o i l  Enzyme As s ay 
Pho s phod i es t er a s e  ( F ig . 1 )  and s u lphat a s e  ( F i g . 2 )  ac t ivi ty 
were very low and showed no s igni f i c ant d i f f erence w i thin t he 
res pe c t ive group ing . The ac t iv i ty vari ed very l i t t l e f rom week t o  week 
throughou t the exp er imen t . 
A c i d  pho s p ha t a s e  ( F ig . 3 )  a l s o  showed no s i gni f i c an t  d i f f erence 
but did have a high ac t iv i t y  and var i ab i l i ty from week to w e ek . A l l 
s amp l es dem9ns t r at ed a sharp increase from week z ero t o  w eek two . Th is  
was  mos t  l ike l y  _due to the add i t ion o f  wat e r  to the s o i l  
( RAMIREZ -MARTINEZ and MCLAREN , 1 9 6 6 ) . The cont ro l had the l arge s t  
inc reas e wh i l e the fono f o s  add i t ion had the smal l e s t  i nc reas e .  Fono fos  
ad d i t i on a l s o -had the sma l l e s t overa l l  ac t iv i ty . A l l  s amp l e s  i nc r eased 
into week 1 0 ; the s amp l ing and incuba t i on were p er fo rmed i n  a r oom that 
i s  no t air cond i t ioned wh ich res u l t ed in les s than s uf f i c i en t  
temp erature contro l .  
Ana lys i s  o f  v ar i ance showed a s i gn i f i cant d i f f er enc e f o r  the 
mean ac t iv i ty of a lkal ine pho s phatas e ( F ig . 4) between the v ar i ou s  
samp l es . The ac t iv i ty f o r  the fono fos  add i t i on was f ound t o  b e  
s igni f i c an t ly l ower t han for the t erbufo s , t r imethacarb , and c ontro l 
19 
s amp l es � Th i s  as s ay a l s o  had a�l s amp l e s  s howing a s harp i nc reas e from 
week zero to week two . The t erbuf o s  add i t ion had the s ma l l e s t i nc reas e 
w i th the cont r o l again showing the l arges t inc reas e .  
Fig .  1 Phos phodies teras e ac t ivi ty for the "Centervi l l e" s o i l 
� 50 fono fos 
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Fig . 2 Sulphatase ac t iv i ty for the "Centerv i l l e "  s o i l  
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Fig . 3 Ac id phosphatase ·ac t iv i ty for the "Centerv i l le"  s o i l  
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Fig. 4 Alakaline phosphatase activity for the "Centerville" soil 
� 50 fonofos 
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"I l l ino i s "  So i l  Enzyme As s ay 
Pho s phod i e s t e ras e ( F i g . 5 )  and s u l phatase ( F i g . 6)  s howed very 
. l i t t l e  ac t iv it y  and no s i gni f i cant d i fferenc e among each r e s pec t ive 
g roup . The inc r e a s e  in the fourth week for pho s phod i es t er a s e m ay a l s o  
be the re s u l t  o f  ins u f f i c i ent temp erature cont ro l . 
Ana lys i s  of var i anc e dep i c t ed a s i gni f i can t  d i f ference f o r  the 
mean ac t iv i ty of ac i d  pho s phatas e ( Fig . 7) be tween the s amp l es . The 
ac t i v i ty fo r the carb ofuran and t erbu fos h i s t o ry s o i l s  was f ound to b e  
s igni f i can t l y  l ower than e i ther t h e  c ont ro l o r  t h e  i s o f en f o s  h i s t o ry 
s o i l .  A sharp inc reas e was obs erved for al l s amp l e s  i nt o  t he s ixth 
week . The carb o furan h i s t ory s o i l  showed the great e s t increas e  and t he 
cont ro l the l ea s t  into the s ixth week o f  the s tudy . The c arbofuran 
hi s t ory s o i l  al s o  showed the great es t  decreas e in ac t i v i ty f rom t he 
beg inning of the expe r iment t o  week four and the l owes t overal l 
ac t iv i ty . The i s of enfo s  h i s t o ry s o i l  had the h ighe s t  overa l l  a c t iv i ty 
and the highes t ac t iv i ty o b t ained dur ing the e i gh t  week p er i od . 
The mean ac t iv i ty f o r  the a lkal ine pho s phatas e a s s ay ( F ig . 8 )  
was no t found t o  be s igni f i c ant ly d i fferent among t he s amp l e s . An 
inc reas e was s e en by a l l  s amp l e s  into the e ighth week . 
Fig . 5 Phos phod ies teras e ac t ivity for the " I l l ino i s "  soi l 
carbof uran h i story � 4 0] III!BD.-5 .74 
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Fig . 6 Sulphatas e ac t ivity for the " I l l ino i s "  s o i l  
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Fig . 8 Alkal ine phos phatas e ac t iv i ty for the " I l l ino i s "  s o i l  
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Res idue Ana lys e s  
Res i du e  ana l y s es  fo r the "Centerv i l le"  s o i l  i s  dep i c ted i n  
·F i gure 9 .  Carbofuran and terbufos were no t detec ted a f t e r  week e i gh t . 
Th i s  deg r ad a t i on rate was as pred i c t ed for carbofuran bec aus e  t he 
"Centerv i l l e "  s o i l  had exper i enc ed a carbofuran " prob l em . " The o ther 
pes t i c i des  wer e  s t i l l  d e t e c t ab l e  up to and inc l ud ing week 1 2 .  
Res idue ana l y s e s  o f  i s o fenf o s  for the " I l l ino i s "  s o i l  i s  
dep i c t ed in F igure  1 0 . There are s eeming ly two d i s t inc t r a t e s  o f  
degrad a t i on f o r  t h i s exp e r i emnt . The t erbufos  h i s t o ry s o i l  and the 
contro l had l owe� r a t e s  of deg radat ion than d i d t he i s o f enfo s  and 
carbo furan h i s t�ry s o i l s . I s o fenfo s  appeared t o  d eg rade m o s t  r a�id ly 
in the carbofuran h i s t o ry s o i l  wh i ch was no t ant i c i pa t ed s i nc e i t  was 
the i s o f enfos  h i s t o ry s o i l  where an a l l eged i s o f eno s " p rob l em" h ad 
occurred ( GAUGER e t  a l . , 1 9 8 6 ) 
-
Fig . 9 Res idue ana lys i s  for the " Centervi l l e" s o i l  : J\fonofos � t\arbofuran 6 ,  terbufos 
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Conc lus i ons 
A r e l a t i o ns h i p  b e tween enzyme ac t iv i ty and p e s t i c i d e 
deg radat i on was o b s e rved dur ing this  s tudy . The pho s phat as e enzymes 
shou l d  be s omewhat e f fe c t ive in d egrada t i on of t he o rg anopho s phat es due 
t o  the i r  s t ruc tural  m im i c ry ( F ig . 1 ) . S u l phatas e ,  l ikewi s e , s ho u ld be 
ab l e  to degrad e the o rg anopho s phat es . L i t t l e  ac t i v i ty was s e en f o r the 
s u lphatas e enzyme and , t herefore , c anno t be c ons i dered a maj o r  f ac t or 
in p e s t i c i d e  d eg r adat i on . The o rganopho s phate , t e rbufo s , w a s  more 
rap i d ly degrad e d  t han any p es t i c ide excep t  c arbofur an ( F i g . 9 ) ,  and 
res u l ted in the h ighes t a lkal ine pho s phatas e ac t iv i ty ( F ig . 4 ) .  The 
s t ruc ture o f  t erbufo s f ac i l i t ates  i c s u s e  as a s ubs t rate  f o r  ·t he 
pho s phat as e enzyme . ·The g roups wh i ch s urround the  p h o s phorus  a tom are 
p robab ly s ma l l  enough s o  t hat the enzyme c an exert i t s e f f e c t . 
Terbufos  was t he only  add i t i on in which t h i s o c cu rred . Fono f o s  and 
i s o fenfo s  h ave l arge s u l fur a t oms and pheny l g roups  s ur round ing t he 
phos phorus a t om . Thes e  s truc tural f eatures m ay h av e  i nh i b i t ed the 
pho s phatas e enzyme . Trimethacarb and c arbo fu ran a r e  s imi l ar i n  
s t ruc ture . B o th are c a rbama t e s  and b o th c ontain p heny l g ro u p s . 
Tr ime thacarb w as · more r ap id l y d eg raded than e i ther f ono f o s  o r  i s o fenfo s  
in t h e  " Centerv i l l e "  s o i l . The c onc lus ion d rawn i s  t hat s i mi l ar 
s truc ture m ay b e  a f ac t o r  i n  d eg radation i n  " p rob l em" s o i l s . 
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There w as n o  c o rre l at ion . b etween enzyme a c t iv i ty and p es t i c i de 
degradat i on o b s e rved i n  t he " I l l ino i s "  s o i l . The i s o fenfo s  h i s t o ry 
s o i l  had t he h ighes t average ac id pho s phatase a c t ivi t y  and t h e  
carbofuran h i s t o ry s o i l  h ad t he l owes t averag e  a c i d p ho s phatas e 
ac t iv i ty ( F i g . 7 )  Thes e  t wo s o i l s  d emons t rated t he m o s t  r ap i d  r ates  o f  
· i s o f enf o s  d eg rada t i on ( F i g . 1 0). 
Enzyme ac t iv i ty in s o i l  s eems t o  b e  d et ermined b y  t he p es t i c ide 
us e h i s t o ry . A m o re r ap i d  d egradat ion d i d o c cu r  f o r  i s o f en f o s  i n  t he 
carbofu ran h i s t o ry s o i l  t han f o r  the i s o f enfos h i s t o ry s o i l  w h i ch h ad 
exp e r ienced an i so fenfo s  " p ro b lem" . Th i s  d eg radat i on r a t e  f o r  
i s o f enf o s  f or t he i s o f enfo s  h i s to ry s o i l  s eems t o  s ug ge s t t ha t  t he 
p ro c e s s  b y  whi ch a " p rob l em" s o i l  d eve lops  may b e  r evers i b l e . 
The avo i d ance o f  p e s t ic ides _ wh i ch m imic  an enzyme ' s  s ubs trate 
s t ruc ture wou l d  be a s af e  c onc lus i on f rom this  s tudy . 
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App end ix I 
Phos phomone s t eras e A s s ay ( Ac i d  and A lka l ine P ho s ph a t as e s ) . 
Apparatu s : 
1 .  Incuba t i on f l asks : 5 0 -m l  E r l enmeyer f l asks f i t t ed w i th no . 
2 s to p p er s . 
2 .  Temp erature c on t r o l led waterbath . 
3 .  Spec t ropho tome t er : B au s ch & Lomb S p ec t roni c  2 00 0 . 
Wave l enth 4 00 nm . 
Reagent s :  
1 .  To l u ene 
2 .  Mod i f i e d  univer s a l  buffer ( MUB ) s t ock s o l u t i on :  D i s s o lve 
1 2 . 1  g of t r i s  ( hyd roxyme thy l ) aminomethane ( THAM ) , 1 1 . 6  g o f  m a l e i c  
ac id , 1 4 . 0  g o f  c i t r i c  a c i d , and 6 . 3  g o f  b o r i c  a c i d  ( H  B O  ) i n  4 8 8  m l  
o f  1N s o d i i um h ydrox i d e  ( NaOH ) and d i lute  t he s o l u t i on t o  1 l i t e r  w i th 
water . S o l u t i on .was s tored i n  a r e frigerat o r . 
3 .  Mod � f i ed univers a l  buffer ( MUB ) , pH  6 . 5 and p H  1 1 : P l ace 
2 00 m l  o f  MUB s to ck s o l u t i on in a 5 00 -ml  b e aker c ontaining a m agne t i c  
s t ir r ing b ar ,  a nd p l ace t he b eaker on a m agne t i c  s t i r rer . T i t r a t e  t he 
s o lu t ion t o  p H  6 . 5 w i th 0 . 1N hydroch l o r i c  a c i d  ( HC l ) , and a d j u s t  t he 
vo l ume t o  1 l i t e r  w i th w at e r . T i t rate ano ther 2 0 0 m l  o f  t he MUB s t ock 
s o lu t ion to p H  1 1  by u s ing 0 . 1N NaOH , and adj u s t  t he v o l um e  t o  1 l i t er 
wi th water . 
4 .  p - N i t ropheny l p ho s phate s o lut ion ,  0 . 0 2 5M :  D i s s o lve 0 . 42 0  g 
of d i s o d i um p - n i t ropheny l t e t r ahydrate i n  abou t 4 0  m l  o f  m o d i f i ed 
univer s a l  b uf f e r  ( MUB ) p H  6 . 5 ( for a s s ay o f  ac i d  p h o s phatas e )  o r  p H  1 1  
( f or as s ay o f  a lk a l ine phos phatas e ) , and d i l u t e  t he s o lut i on t o  5 0  m l  
w i t h  MUB o f  t he s ame p H . The s o lut i on i s  s t o red i n  t h e  r e f r igerator . 
5 .  Ca l c i um c h l or i d e  ( CaC l j O . SM :  D i s s ov l e  7 3 . 5 g o f  C aC l  2H  0 
in about 7 00 m l  o f  w a t e r , and d i l ute the vo lume t o  1 l i t e r  w i th w ater . 
6 .  S od i um hyd roxi de ( NaOH ) , O . SM :  D i s s o lve 7 3 . 5  g o f  C aC l  2 H  0 i n  
abou t 7 0 0 m l  o f  w ater , and d i lute  the v o l ume t o  1 l i t e r  w i th w a t e r . 
...... 
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7 .  S t andard p - n i t ropheno l s o lu t i on :  D i s s ov l e  1 . 0 g o f  
p - n i t ropheno l i n  about 7 0  m l  o f  water , and d i l u t e  t he s o l ut i on t o  1 
l i t er w i th w a t e r . The s o l u t i on i s  then s to red i n  a r ef r i g erato r . 
Proc �dur e : 
P l ace 1 g o f  s o i l  ( < 2 mm ) i n  a 5 0 -m l  E r l enmeye r  f l ask , add 0 . 2  
ml  o f  t o l u ene , 4 m l  o f  MUB ( pH 6 . 5  for  ac i d  phospha t a s e  a s s ay o r  p H  1 1  
for a s s ay o f  a lkal i ne p ho s phat as e ) , 1 m l  o f  p -n i t ropheriy l phos phate 
so lut i on made i n  t he s ame b u f fer , and s w i r l  the f l ask for a f ew s ec ond s 
. to m ix the c on t ent s . S topper  the f l ask and p l ace i t  i n  a n  i ncubator at  
· 3 7  C .  Af t e r  1 hour , r emove t he s topper , add 1 m l  o f  0 . 5M C aC l  and 4 
ml o f  0 . 5M N aOH , s wi r l  the f l ask and f i l t er the s o i l  s u s p ens i on t hrough 
a Whatman n o . 2 v  f o l d ed f i l t er p ap e r . The intens i ty o f  t h e  y e l low 
c o l o r  was m e as ured o n  a s pec t ropho t ometer . The p - n i t ro pheno l c ontent 
of the f i l t ra t e  i s  c a l cu l ated b y  r e ferenc e to a c a l i b ra t i on c u rve . 
Pho s phod i e s terase A s s ay 
Apparatus : 
The a p p aratus u s ed w as the s ame a s  in the p ho s phomono e s terase 
as s ay . 
Reagent s :  
1 .  To luene 
2 .  T r i s ( hydroxyme thy l ) aminome thane ( THAM ) b u f fer , 0 . 0 5M , p H  
8 . 0 :  D i s s o lve 6 . 1 g o f  THAM i n  about  8 0 0  m l  o f  w a t e r , adj u s t  t h e  p H  t o  
8 . 0  b y  t i t ra t i on w i th a p p roximately  0 . 2N s u l fu r i c  a c i d  ( H  S O ) ,  and 
d i l u t e  the s o lut i on to 1 l i ter  w i th water . 
3 .  B i s - p - n i t ropheny l phos phate ( BPNP ) s o l u t i on , 0 . 005M : 
Di s s o lve 0 . 1 8 1 1  g o f  s od i um b i s - p - n i t ropheny l p ho spha t e  i n  a b o u t  8 0  m l  
o f  THAM b uf f e r  · p H  8 . 0 ,  and d i lute the v o l ume t o  1 00 m l  w i t h b u f fe r . 
S t ore the s o l u t i on i n  a r ef r igerat o r . 
4 .  C a l c i um c h lor ide ( CaC l ) s o lu t i on ; 0 . 5M :  P repare a s  
des c r ibed f o r  p h o s phat a s e  • 
. 5 Tr i s ( hydroxymethy l ) aminomethane - s od i um hydrox i d e  
( THAM -NaOH ) e x t r ac t ant s o l u t i on ,  0 . 1M T HAM , p H 1 2 : D i s s o lve 1 2 . 2g o f  
_THAM i n  a b o u t  8 0 0 m l  o f  w ater , adj us t t he pH o f  t he s o l u t i on t o  1 2  by 
t i t r a t i on w i th 0 . 5M N aOH , and d i l u t e  t he vo lume t o  one l i t er w i th 
water . 
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6 .  T r i s ( hyd roxymethy l ) aminome thane ( THAM ) d i luen t , 0 . 1M ,  p H  
1 0 : D i s s o lve 1 2 . 2  g o f  T HAM i n  about 8 00 m l  o f  w at e r , and a d j u s t  t he 
vo l ume t o  o ne l i t e r  w i th w a t er . 
7 .  S t andard p -n i t ro pheno l s o lut i on p repared d e s c r ibed i n  
pho s phatae p ro c edure . 
Procedure : 
P l ace o ne g o f  s o i l  ( < 2mm ) in a 5 0 - m l  E r l enmeyer f l ask , and add 
0 . 2ml  of t o l uene , 4 ml  of THAM buf fer pH 8 . 0 ,  and 1 ml  of B PNP 
s o l u t i on .  Sw i r l  t he f l as k  f o r a f ew s econd s to m ix the c onten t s . 
S top per the  f l ask , and i ncubate i t  a t  3 7  C .  Af t er o ne h o u r , r emove t he 
� t opper , add  1 m l  o f  0 . 5M C aC l  and 4 m l  o f  THAM-NaOH e x t r ac t ant 
s o l u t i on ,  s w i r l  the  f l ask f or a f ew s ec ond s , and f i l t er the s u s p ens i on 
through a Whatman n o . 2 v  f o l d ed f i l t er p aper . The o ther p ro c edures are 
as  for pho s pha t as e . 
S u l ph a t a s e  A s s ay 
Apparatus : 
The a p paratus i s  t he s ame a s  i n  t he pho s pha t s e  a s s ay .  
Reag ent s :  
1 .  To luene 
2 .  A c e t a t e  b uf fer , 0 . 5M ,  p H  5 . 8 :  D i s o lve 6 8g o f  s od i um a c e t ate 
tr ihydrate in a bout  7 00 m l  of water , add  1 . 70 ml of g l ac i a l  a c e t i c  ac id 
( 9 9% ) , and d i l u t e  t he v o l ume to 1 l i ter w i th water . 
3 .  p -N i t ro pheny l s u l fate s o l u t i on , 0 . 0 2 5M :  D i s s o lve 0 . 3 1 2  g o f  
p o t as s i um p -n i t ro pheny l s u l fa t e  i n  about 4 0  m l  o f  a c e t at e  b u f f er , and 
d i l u t e  the s o lut i on t o  5 0  m l  w i th b uffer . S t ore t h e  s o l u t i on i n  a 
refrigerat o r . 
as s ay .  
4 .  C a l c i um c h l o r i de ( CaC l ) a s  p repared i n  t he p h o s phatase  
Proc edure : 
4 0  
P l ac e  1 g o f  s o i l  ( < 2mm ) i n  a 5 0 -m l  E r l enmeyer f l ask , a d d  0 . 2 5 
m l · o f t o l uene , 4 m l  o f  a c e t a t e  buffer , and 1 m l  o f  p - n i t ropheny l s u l f ate 
s o l u t ion ,  and s wi r l  t he f l ask for a f ew s ec ond s to m ix the  c onten t s . 
S topper t he f l a s k , a nd p l ace i t  i n  an i ncubator  a t  3 7  C .  A f t e r  1 hour 
remove the s t o p p e r , a dd 1 ml of 0 . 5M C aC l  and 4 m l  of 0 . 5M N aOH , s w i r l  
the f lask f or a f ew s ec onds , and f i l ter the  s o i l  s u s p ens i on t h rough a 
Whatman N o . l v  f o lded f i l te r  p aper . The r emaining p rocedure w a s  
descr ibed i n  t h e  pho s phat a s e  a s s ay .  
...... 
1 . 000 
. 9 00 
. 8 00 
. 7 0 0  
. 6 0 0  
cu 
cJ r:: cu ,.Q . 50 0  � 0 {I) ,.Q � 
. 400  
. 300 
. 20 0  
. 1 00 
. 00 0  
0 1 4  2 8  4 3  
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Cal i b rat i on Curve 
p -ni troph eno l 
5 8  7 2  8 6  
nanomo l' e s  /ml 
41  
1 01 1 1 5  1 3 0 1 44 
APPENDIX III 
The following tables contain the average enzyme activity by the week for each of the respective 
sample duplicates . Activity has been calculated in natlOlOOles of product ( p-nitrophenol ) per ml per mirwte 
per gram of soi l .  
TABLE ·1. Phosphodiesterase activity for the "Centervil le" soi l .  
Week fonofos carbofuran terbufos t rimethacarb i sofenfos s tarch control 
0 6.7 ±o .1 5.4 :t0.1 5.3 ±o.2 5.3 :f0.2 s .o : ±0.1 5 . 1  :ffJ.1 5 . 0  :tO.O 
2 5.2 :t0.1 5.1 :tO.O 4.8 :tO.O 5.2 :f0.1 5 .0 :tO.O 5 . 0 :f0.1 5 . 0 :fO.O 
4 4.8 :t0.1 4.8 :fO.O 4.8 :f0.2 5.1 :t0.1 5 .0 :f0 . 1 4.6 :f0 . 1 4.8 :fO.O 
6 5.1 :!!).1 4.7 :t0.1 5 .0 :tO.O 4.8 :f0.2 5 . 1 :f0 . 1 5.1 :t0.2 5 .0 :ID .O 
8 4.7 :t0.2 4.8 :!0.1 4.8 :!0.3 4.7 :f0 . 1 5 . 5  :!0.2 4.8 :t0.1 4.9 :tO.O 
10 6.1 :!0.1 5.8 :!0.2 6.0 :!0.1 6.0 :!0.2 5 . 5 :t0.2 6.2 :t0.2 5.8 :tO.O 
12 4.8 :t0.2 5 .0 !0.1 4.8 :!0.1 4.8 :tO.O 5 .0 :t0 . 2 4.9 :t0.2 · 5. 2  :tO.o 
TABLE 2. Sulphatase activity for the "Centervil le" soi l .  
Week fonofos carbo fur an terbufos t rimethacarb i sofenfos s tarch control 
0 2.5 :!0.1 2.4 ±o.1 2.4 ±o.O 2.3 :t0.1 2.5 :t0 . 2 2.1 :ID.O 2.4 ±o.O 
2 2.3 ±o.O 2.4 :t0.1 2.3 :tO.O 2.3 :t0.1 2.3 :t0.2 2.4 :t0.2 2.3 :tO.O 
4 2.5 :!0.1 2.4 :!0.1 2.4 :!0.1 2.3 :!0.2 2.4 :!0.1 2.2 :t0.3 2. 2 ::!0.0 
6 2.7 ±o.1 2.7 ::!0.2 2.7 :t0 .. 1 2 . 6 ::!0.2 2.5 :W.1 2.6 :tO.O 2.6 :!0.0 
8 2.4 :W.O 2.6 :f!).1 2.4 !0.1 2.4 ::!0.2 2.3 :f{).1 2.6 :t0 .1 2 .4 :!0.0 
10 2 . 5 ±o.2 2.5 :t0.1 2 . 5  :W .1 2.5 :W.1 2.5 :W.1 2.4 ::!0.2 2.4 :tO.O 
12 2 .3 :!0 .1 2.3 ±o.1 2.1 :!0.1 2 .4 :tl).1 2. 2 :W . O 2.4 :W.2 2 . 3 :tO.O � N 
TABLE 3. Acid Phosphatase activity for the "Centervil le" soi l  
Week fonofos carbofuran terbufos trimethacarb 
0 17 ±0.5 17 ±1.0 18 ±0.5 18 ±1.0 
2 29 �0.0 30 ±1.0 30 ±0.5 32 ±2.5 
4 33 ±0.0 33 ±2.5 34 ±2.5 32 ±1.0 
6 30 ±1.0 34 ±o.o 36 ±0.5 34 ±0.5 
8 27 ±1.5 , ,  27 ±1.5 27 ±0.5 30 ±3.5 
10 42 ±3.0 42 ±1.0 41 ±1.5 42 ±3.0 
12 37 ±1.5  40  ±4.0 35 ±0.5 39 ±2.0 
TABLE 4. Alkaline Phosphatase Activity for the "Centervil le" soil 
Week fonofos carbofuran terbufos trimethacarb 
0 6 ±0.5 7 ±0.5  8 ±0.5 8 ±0.5 
2 17 ±1.5 19 ±1.5 17 ±0.5  18  ±1.5 
4 17 ±1.0 17 ±1.5 17 ±1.5 18 ±1.5 
6 19 ±o.o 21 ±3.0 24 ±1.5 22 ±2.0 
8 27 ±1.0 28 ±1.0 28 ±t.o 28 ±1.0 
10 25 ±0.5 28 ±1.5 30 ±1.0 28 ±2.5 
12 23 ±0.5  24 ±1.0 25 ±o.o 24 ±1.5 
isofenfos s tarch 
. 20  ±1.5  20 ±2.0 . 
32  ±1.5 31 ±o.o 
36 ±1.0 36 ±0.5 
33 ±1.5 32 ±2.0 
31 ±2.0 31 ±2.0 
42 ±o.o 46 ±2.0 
39 ±0.5 36 ±4.5 
i sofenfos s tarch 
8 ±o.5 8 ±1.0 
19 ±0.5  18  ±o.5 
18 ±o.5 19 ±1.5 
2 2  ±2.0 21 ±1.0 
28 ±o.5 21 ±o.5 
26  ±1.0 � + 27 -3.0 











2 1  ±o.5 
18 ±o.o 
21  ±o.5 
29 ±o.o 
26 ±o.5 




The fol lowing tables contain the average enzyme activity by the week for each of the respective 
soil sanple duplicates . Activity has been calculated in nanorooles of product ( p-nitophenol) per· m l  per minute 
per grCill of soi l .  
TABLE -5 .  Phosphodiesterase Activity for the "Illinois" soi l .  
Week carbofuran . isofenfos 
0 4 . 2 ± 0 .0 4 .0 ± 0 .0 
2 4 � 5 ± 0 .1 4 .3 ± 0 . 3 
4 9 .4 ± 0 . 2 9 . 6 ± 0 . 5 
6 5 . 3 ± 0 . 2 4 .6 ± 0 .0 
8 5 . 3 ± 0 .0 4 . 9 ± 0 . 2 
TABLE 6 .  Sulphatase Activity for the "Illinois" soil . 
Week carbofuran isofenfos 
0 2 . 5 :H> .O 2 . 5 ± 0 . 1 
2 2 . 3 :t0 . 1  2 . 1 ± 0 . 1 
4 2 . 2 :tO.O 2 . 2 ± 0 .1 
6 2 . 6 ±() . 3 2 �4 ± 0 . 1 
8 2 .8 ±0 . 1 2 .0 ± 0 .0 
terbufos control 
4 .0 ± 0 .0 4 .0 ± 0 .0 
3 . 9 ± 0 . 1 4 . 3 ± 0 .0 
:i0. 5 ± 0 . 1  9 . 7 ± 0 . 2  
4 .4 ± 0 . 6 4 .  7 ± 0 . 1 
5 . 7 ± 0 . 5 4 . 7 ± 0 .0 
terbufos control 
2 .0 ± 0 .0 2 . 2 ± 0 .0 
2 . 2 ± 0 . 1 2 . 2 ± 0 .0 
2 . 5 ± 0 . 1 2 . 2 ± 0 .0 
2 . 5 ± 0 . 2 2 . 2 ± 0 .0 
2 . 6 ± 0 . 1 2 . 2 ± 0 .0 
.p. � 
TABLE 7 .  Acid Phbsphatase Activity for the- ' 'I llinois" soi l . 
� 
Week carbofuran isofenfos 
0 26 ± 1.5  31 ± 2.0 
2 26 ± 1 .0  . 33 ± 0.0  
4 20 ± 2.5 29 ± 2 .0 
6 35 ± 2.0 42 ± 3.0 
8 27 ± 0.0 36 ± 2.5 
TABLE 8. Alakaline Phosphatase ActiVity for the "Illinois" soi l .  
Week carbofuran isofenfos 
0 12 ± 1 .0  12  ± 1 .0  
2 12 ± 0.5  12  ± 0.0 
4 12 ± 0.0 12 ± 1.0 
6 11 ± 0.5  11  ± 1 .0  
8 18 ± 0.5  16 ± 1.0  
-
terbufos 
26 ± 0.0 
27 ± 0.0  
24 ± 2 .5  
35 ± 3.0 
36 ± 3 .0  
terbufos 
12 ± 1 .0  
14  ± 0 . 5  
12  ± 0.5  
12 ± 1 .0  
18 ± 1 .0  
control 
34 ± 0.5  
33 ± 0.0  
30 ± 0.5 
40 ± 0 .5  
32  ± 0 .5  
control 
13 ± 0.5  
12 ± 0.5  
12 ± .0 .5  
11  ± 0 .0  
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Tab l e  9 .  Res i due ana l y s i s  fo r the "Cent erv i l l e "  s o i l .  
A l l d a t a  has been adj u s t ed t o  y i e l d  a week z ero average 
percentage o f  ext r ac t ion o f  f i ve ppm . The numb e r s  i n  -the t ab l e  a re 
adj us ted p pm o f  the r ema ining res p e c t ive p e s t i c i d e . 
Week 
Pes t i c i de 0 1 2 4 6 8 1 0  1 2  
fono fos  5 . 3 3  4 . 84 3 . 9 7 3 . 2 0 2 . 7 6 2 . 5 0 2 . 44 1 . 8 3 
fono f o s  2 4 . 6 7  4 . 8 0 3 . 5 9 1 . 94 1 . 9 2 1 . 5 6 1 . 2 0 1 . 0 0 
averag e  5 . 00 4 . 8 2 3 . 7 8 2 . 5 7 2 . 34 2 . 0 3 1 . 8 2 1 . 4 2 
carbofuran 5 . 2 1 4 . 9 1 3 . 9 3 2 . 68 1 . 1 7 0 . 1 1 0 . 0 0 0 . 00 
carbofuran 2 4 . 79 5 . 0 1 4 . 1 6 2 . 74 1 . 09 0 . 2 3 0 . 00 0 . 00 
average 5 . 00 4 . 96 4 . 05 2 . 7 1 1 . 1 3 0 . 1 7 0 . 00 0 . 00 
terbufos 4 . 58 4 . 45 3 . 1 7 2 . 1 9 0 . 9 6 0 . 8 2 0 . 1 7 0 . 00 
terbu f o s  2 5- . 42 5 . 7 9 4 . 2 2 3 . 0 2 1 . 7 9 0 . 40 0 . 00 0 . 0 0 
ave rag e 5 . 00 5 . 1 2 3 . 70 2 . 6 1 1 . 2 8 0 . 6 1 0 . 0 9 0 . 0 0 
t r ime thacarb 4 . 8 1 4 . 9 3 4 . 2 7 3 . 50 2 . 1 4 1 . 8 5 0 . 9 1 0 . 8 3 
t r imethacarb 2 5 . 1 9 4 . 6 T 4 . 44 3 . 8 3 1 . 8 3 1 . 3 0 0 . 9 1 0 . 6 7  
ave rage 5 . 0 0 4 . 8 0 4 . 3 6 3 . 6 7 1 . 9 9 1 . 3 0 0 . 9 1 0 . 7 5 
i s o f enfos 4 . 9 7 4 . 40 4 . 6 0 3 . 6 0 3 . 2 0 2 . 40 2 . 5 0 2 . 1 0 
i s o f enf o s  2 5 . 3 0 5 . 2 0 4 . 2 0 4 . 1 0 3 . 64 3 . 80 3 . 6 0 2 . 00 
. average 5 . 00 4 . 8 0 4 . 40 3 . 8 5 3 . 5 0 3 . 1 0 3 . 0 5 2 . 0 5 
-
4 7  
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Tab l e 1 0 . Iso f enfo s re s i due analys i s  for the " I l l ino i s "  s o i l . 
The pes t i c i d e  res i due analyzed i s  i so f enfo s . ·A l l  d at a  has  b een 
adj us t e d  to yi e l d a week z ero average p ercentage o f  e x t r ac t ion o f  f ive 
ppm . The numb e r s  in the tab l e are adj us ted p pm o f  the r emaining 
isofen fo s . 
Week 
S o i l  Hi s t o ry 0 2 4 6 8 
carbo furan 5 . 0 7  4 . 4 5  3 . 48  2 ._ 6 2  1 . 7 7 
carbofuran 2 4 . 9 3 3 . 9 6 2 . 7 7 2 . 24 1 . 4 3  
average 5 . 00 4 . 2 1 3 . 1 8 2 . 4 3 1 . 6 0 
i s o f enf o s  5 . 08 4 . 3 5 3 . 46 2 . 8 5 2 . 1 4 
i s o fenfos 2 4 . 9 2 4 . 4 3 3 . 2 4 2 . 6 1 1 . 9 8 
averag e  5 . 00 4 . 3 9 3 . 3 5 2 . 7 3 2 . 0 6 
t e rbuf o s  4 . 8 7 4 . 3 6 4 . 1 6 3 . 48 2 . 9 2 
terbuf o s  2 5 . 1 3 4 . 6 8 4 . 4 2 3 . 5 2 3 . 08 
ave rage 5 . 00 4 . 5 2 4 . 2 8 3 . 4 5 3 . 00 
contro l 5 . 0 7  4 . 60 4 . 08 3 . 3 8 2 . 6 0 
co� t r o l 2 4 . 9 3 4 . 8 6 4 . 1 8 3 . 4 1 2 . 8 6 
averag e 5 . 00  4 . 7 3 4 . 1 3 3 . 3 9 2 . 7 3 
® LANDRIN ( cu �r ent l y , B ro o t  ) 
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Chemi c a l  n ame : A mixture o f  3 , 4 , 5 - and 2 , 3 , 5 - i s omers o f  t r imethy l pheny l 
me thy lc arbamate i n  approx . 4 : 1  rat i o . 
Common name : t r imethacarb 
Toxic i ty :  Acute  o ra l  10
5 0  
( ra t ) , 2 0 8  mg/kg ; acute d erma l 1 0 5 0  ( rabb i t ) , 
mo re than 2 50 0  m g /kg . · 
AMAZE 
Chem i c a l  n ame : 1 -methy l e thy l - 2 - [ [ ethoxy ] ( l - methy l - e thy l ) amino ] 
phos ph ino t h i oy l ] o xy ] b enzo at e . 
Common name : i s of enphos 
Toxi c i ty : T echnical  - ac u t e  o ra l  105 0  
( rat ) , 2 8 - 3 8mg /kg ; a c u t e  d erma l Lo5 0  
( rabbi t ) , 1 6 2 - 3 1 5mg/kg . 
DYFONATE 
Chemical  n ame : 0 - E thy l - S - pheny l ethy l - phos phono d i th i o at e . 
Common name : f ono fos 
Tox i c ity : A cho l ines t eras e i nh ibi tor . Ac t u t e  o ra l  1 05 0  ( ma l e  r a t ) , 
8 - 1 7 . 5mg /kg ; a c u t e  d erma l 1 05 0  ( rabb i t ) , about 2 5mg/kg . G r anu l ar formu lat i ons a re much l es s  hazardous than emu l s i ons . 
COUNTER 
Chem i c a l  n ame : S - [ [ ( 1 , 1 -ri ime thlyethy l ) t h i o ) m e thy l ] 0 , 0 - d i ethy l 
pho s phorod i t i oa t e . 
Common name : t e rbu fo s . 
4 9  
Toxi c i t y : T echn i c a l  C ounter : acute o ral  LD
50 
( ma l e  m ou s e ) , 3 . 5  mg /kg ; 
· ( f ema le mous e ) , 9 . 2 mg /kg ; ( ma l e  r at ) , 4 . 5  mg/kg ; ( f ema l e  r a t ) , 9 . 0 
mg/kg ; ( ma l e d og ) , 4 . 5  mg /kg ; ( fema l e  d o g ) , 6 . 3  mg /kg . By s ing l e  
2 4 -hour s kin c on t ac t , L n 50 ( rabb i t )  is  1 . 1 mg /kg . De rmal LD 5 0  
o f  
Count er , w e t ted w i th s u f f1 c i i ent water to f o rm a p as t e , and n e l d  in 2 4  
hours , i s  a p p roxima t e l y  2 9 - 34 mg/kg . When d ry ,  1 5G g ranu l e s  w e r e  h e l d 
in c ontact w i th � he s k in o f  r at s  f o r  2 4  hours , the LD
5 0  
r anged f r om 9 0 0  
t o  1 4 2 5  mg /kg . 
FURADAN 
Chemc i a l  n ame : 2 , 4 - D ihyd r o - 2 , 2 - d imethy l - 7 - benzo furany l m e t hy l c arbamate .  
Common n ame : c arbo f uran · 
Toxi c i ty : O ra l  � n 5 0  ( r a t ) , 1 1  mg/kg ; d erma l Ln 5 0  ( r abb i t ) , 1 0 , 200  
mg /kg . 
